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Executive summary 


The traditional Indian brick industry has bull’s trench kilns (BTKs) with moving and fixed 
chimneys and clamps. Emission standards for BTKs were introduced by the Central 
Pollution Control Board (CPCB) during 1996. The standards also recommend phasing out of 
moving chimney BTKs. A number of activities are underway for reducing the higher energy 
consumption in brick kilns (accounting for 30 - 40 % of the total production costs). One of 
these is introduction of “vertical shaft brick kilns (VSBK)” m India of Chinese origin by the 
Swiss Agency for Development and Cooperation (SDC). There are about 15 VSBKs operating 
in different parts of the country such as Madhya Pradesh, Maharashtra, Uttar Pradesh and 
Orissa. 

The specific energy consumption of VSBKs (MJ of thermal energy consumed per kg of fired 
brick) was observed to be lower than the traditional firing technologies used in the country. 
Another important feature of the VSBK technology is the lower emission levels. Thus the 
technology has good potential in the market in coming years. With this background, the 
CPCB had entrusted the Tata Energy Research Institute (TERI) for the development of 
emission norms and recommend appropriate pollution control measures for VSBKs. 

The methodology followed included (1) Detailed literature review on VSBK technology and 
its prospects in India (2) Selection of VSBKs for monitoring environmental and energy 
performance with mutual consent from CPCB, ( 3 ) Detailed monitoring of selected kilns 
which included stack emissions, ambient air quality, work place environment and ( 4 ) Energy 
performance. Dispersion of stack emissions and their impact on ground level concentrations 
were predicted with the help of air pollution dispersion model. 

The emissions of suspended particulate matter (SPM) from the stack varies between 170 
mg/Nm 3 . SPM emission level was observed to be highest in VSBK-2 which is attributed to 
the poor operating practices at kiln site. The average SO2 emission level is 42 mg/Nm 3 . 
Results on the ambient air quality reveal that the ground level concentrations (GLC) of SPM 
and SO2 emissions were well below the prescribed limits of Indian standards for industrial 
area. 

Dust level in the working area vary between 312-3010 pg/m 3 . The level of pollutants in 
working area is related to the production level and ventilation in the working area. Results of 
the air quality modeling reveals that the incremental increase in the ground level SPM 
concentration is less than 11 pg/m 3 confining to a distance of 100 metre from the kiln in the 
downwind direction. 



Executive Summary 


The energy performance of the VSBKs show the average specific energy consumption of 
VSBKs varies between is about 0.9 MJ/kg fired brick. 

A detailed analysis was carried out to evaluate the performance of VSBKs and a vis-a-vis 
comparison with existing technologies m brick making as well as other similar firing 
technologies especially in small scale industrial sector to recommend the emission 
standards. Based on the analysis the following recommendations are made: 

■ Maximum permissible limit of 300 mg/Nm 3 for SPM.is proposed for the VSBK 
technology. 

■ Keeping in view the requirements of environmental regulatory' authorities for 
monitoring stack emissions, one stack per shaft is suggested for the VSBK. 

■ It is recommended that the stack height of VSBK should not be less than 14 metre 
from the ground level. 

" Incorporation of pollution control system is not being recommended for VSBKs 

keeping in view the lower emission load of pollutants and technical difficulties in 
incorporating any pollution control system in the natural draught system operating 
very low draught. However, the emissions from VSBK can be further brought down 
by improving the operating practices. 
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Introduction 


1 


1.1 Indian brick industry 

India is the second largest producer of bricks after China. The estimated brick 
production by Indian brick sector during 2000-01 was close to 140 billion 
bricks. The Indian brick industry' is unorganised with small production units 
clustered in rural and peri-urban areas. There are about 100,000 brick kilns 
operating in the country'. Table 1.1 shows brick production in India, technologies 
used, production capacity and coal consumption. 


Table 1.1 Brick kilns in India 


Kiln type 

Average production capacity 
(bncks per year)* 

Number of kilns 

BTK-fixed chimney' 

35,00,000 

20000 

BTK-Moving chimney 

25,00,000 

13000 

High draft/Hoffmann 

NA 

200 

Clamps 

6,00,000 

>60000 

Vertical shaft bnck kiln (VSBK) 

10,00,000 

15 


* About 40% of the fixed chimney BTKs are estimated to be equipped with gravity settling 
chamber 

# The brick making season in India is generally 150-200 days in a year 

Brick-making is an energy-intensive process and consumes about 24 million 
tonnes of coal and several million tonnes of biomass fuels per year. Coal 
consumption by the brick industry is approximately 8% of the total coal 
consumption in the country. The share of energy in total costs of brick 
production is 35 to 45 %. Several types of brick kilns are used for firing bricks. 
The choice of technology depends generally on factors such as scale of 
production, soil and fuel availability, market conditions and skills available. The 
brick-producing regions in India can be categorized into two major zones based 
on nature of soil availability. 

■ Indo-Gangetic Plains, consisting of the north and north east part of India. 
Good quality' alluvial soil is available for brick making in this region and it 
caters to about 65 % of the total demand. 
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■ Peninsular India, consisting of the west, central and southern parts of 
India accounts for the rest 35 % of total production. This region has 
shortage of good quality soil for brick making. 

The brick kilns operating in India can be classified into (I) intermittent kilns and 
(2) continuous kilns. Figure l.l shows types of kilns used for brick making. 
Intermittent kilns, commonly called clamps, are generally used when the volume 
of production is small. The production capacity of intermittent kilns ranges from 
5,000 to 2 , 00,000 brides per firing. A variety of fuels such as coal, firewood, 
various types of agricultural residues, dungcakes etc. are used in clamps. The 
arrangement of bricks in a clamp generally depends on the type of fuel. 
Intermittent kilns have low energy efficiencies as most of the heat in the flue 
gases, fired bricks and kiln structure remains unutilized, 


Brick kilns 


! 

Intermittent 


Continuous 

1. Clamp 

1. 

Moving fire annular 

2. Scove 

a. 

Hoffmann 

3 . Scotch 

b. 

Bull’s 

4 . Downdraugh 

c. 

Zigzag:Habla, High 


2. 

Moving ware 


a. 

Tunnel 


b. 

Vertical 


Figure 1.1 Classification of brick 


Continuous kilns are used when the volume of production is high - more than 
10,000 bricks per day. These kilns are superior to intermittent kilns in terms of 
energy efficiency as well as the quality of bricks. Despite lower efficiencies, the 
use of intermittent kilns particularly clamps is quite popular, mainly due to (1) 
the almost ‘zero’ cost of kiln construction, and (2) flexibility in production 
volume and variety of fuel. Continuous kilns include bull’s trench kilns (BTKs) 
with moving chimney, BTKs with fixed chimney, Hoffmann kiln, high draught 
kilns and vertical shaft brick kiln (VSBK) The sector prorides employment to 
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about 8 to 10 million workers. The brick sector is labour-intensive although a 
few brick kilns are mechanised. 

1.2 Environmental concerns and existing environment norms 
for the industry 

The existing environmental regulations concerning the brick industry are related 
to emission standards for brick kilns. A notification on environmental norms 
was issued by the Ministry of Environment and Forests (MoEF), GOI, during 
1996, for meeting the minimal emission standards by brick kilns table 1.2. The 
emission limits for suspended particulate matter (SPM) are achievable by 
changing over to fixed chimneys and installing gravity settling chamber (GSC) in 
BTKs. The existing moving chimney BTKs have been provided with a time limit 
upto June 2002 for the change over to fixed chimneys and install pollution 
control systems (gravity settling chamber) for meeting the environmental 
standards. In northern India, a large number of BTKs have either been 
converted to the fixed chimney type or are in the process of conversion. 

However, the process of conversion in Southern and Western regions is quite 
slow probably due to the smaller size of the kilns and non-availability of trained 
manpower. 


Table 1.2 Emission standards for brick kilns 


Size 

Small 

^Incapacity 

Less than 15,000 bncksper day 

(less than 4 5 metre trench width) 

Maximum concentration limits of SPM (mg/Nm 3 ) 

1000 

Medium 

15,000 to 30,000 bncks per day 

( 4 5 to 7 0 metre trench width) 

750 

Large 

More than 30,000 bncks per day 

(More than 7 0 metre trench width) 

750 


Source Ministry of Environment and Forests, Government of India 

Note: The above emission limits are achievable by installing fixed chimney/ high draft kilns 
and/ or settling chamber 


The following stack heights are prescribed for optimal dispersion of particulate 
matter in brick kilns (table 1.3). 
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Table 1.3 Emission standards for brick kilns 

Size 

Small 

Kill i capacity 

Less than 15,000 bricks per day 
(less than 4 5 metre trench width) 

Stack height 

Minimum stack height 22 metre 

(OR) 

Induced draught fan operating with minimum draught 50 mm WG 

with 12 metre stack height 

Medium 

15,000 to 30,000 bncks per day 
(4.5 to 7 0 metre trench width) 

Minimum stack height 27 metre with gravitational settling chambei 

[OR] 

Induced draft fan operating with minimum draft 50 mm WG with 

15 metre stack height 

Large 

More than 30,000 bncks per day 

(More than 7 0 metre trench width) 

Minimum stack height 30 metre with gravitational settling chambei 

[OR] 

Induced draft fan operating with minimum draft 50 mm WG with 

17 metre stack height 


Source 1 Ministry of Environment and Forests, Government of India 


1.3 Introduction to vertical shaft brick kiln (VSBK) 
technology 

1.3.1 Historical development 

Vertical Shaft Brick Kiln (VSBK) technology is an energy efficient technolog}’ for 
firing clay bricks. It is particularly suited to the needs of brick production in 
developing countries - which is small scale and decentralized type. The 
evolution and initial development of VSBK technolog}’ took place in rural China. 
The first version of VSBK in China originated from traditional updraft 
intermittent kiln during 1960s During 70s, the kiln became popular in several 
provinces of China In 1985 , Chinese government commissioned the Energy 
Research Institute of the Henan Academy of Sciences at Zhengzhou (Henan 
province), to study the kiln to improve the energy efficiency. Several thousand 
VSBKs are operating in China. Attempts to disseminate VSBK technolog}’ 
outside China started in early 1990 ’s. Apart from India, the VSBK technolog}’ 
was demonstrated in several Asian countries such as Nepal, Afgamstan, Pakistan 
and Bangladesh. 

1.3.2 VSBK technology in India 

Under an ‘Action Research Project’ supported by the Swiss Agency for 
Development and Cooperation (SDC) m 1995 , four VSBK pilot plants were field- 
tested - with the first VSBK pilot plant became operational in May 1996. The 
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locations for pilot plants were selected so as to test VSBK technology under 
different * soil-fuel-climate-market’ conditions. The salient features of the pilot 
VSBK units are shown in table 1.4. 


Table 1.4 Salientfeatures of pilot VSBK units in India 


Location features 

VSBK-I 

VSBK-II 

___ VSBK-II! 

. VSBK-iv 

1 Place 

Datia 

Berhampur 

Palghat 

Pune 

2. State/region 

Madhya Pradesh 

Onssa 

Kerala 

Maharashtra 


(Central India) 

(East India) 

(South India) 

(West India) 

3. Soil type 

Red & black soil 

Latente/red soil 

Red soil 

Black soil 

4. Climatic region 

Sub-tropical wet and 

dry 

Tropical wet 

Tropical wet 

Tropical wet and 
dry 

5. Prevalent local kiln 

Clamp 

Clamp & moving 

chimney BTK 

Clamp 

Clamp 

6 Fuel combination 

Cow dung, coal 

Coal 

Rubber, firewood 

Coal 

VSBK 

1 Year and month of 

commissioning 

May, 1996 

May, 1997 

Apnl, 1998 

January, 1999 

2 Number of shafts 

2 

2 

4 

2 

3 Shaft cross-section 

Shaft-1 

lxl m 

1x1.75 m 

lxl 75 m (3no) 

1x2 m 

Shaft-2 

lx l 5 m 

1x1.75 m 

1x2 m (1 no) 

1.25x2 m 

4 Shaft height 

4 95 m 

4 05 m 

4 95 m 

4.50 m 

5. Production capacity 
(bncks/day) 

4500 

6500 

7500 

8500 

6 Fuel 

Coal 

Coal 

Lignite bnquette 

Coal 


1.4 Introduction to the study 

With the four pilot VSBKs set up, the project, now known as “India brick project 
(IBP)” has about 15 VSBKs in operation in different states such as Madhya 
Pradesh, Maharashtra, Orissa and Uttar Pradesh. The project has been 
incorporating several design changes in the original Chinese VSBK design which 
had helped in improving the performance on VSBK - on energy, environment 
and quality aspects. For example, Chinese VSBKs generally do not have any 
chimney for removal of flue gases, thus making the working environment 
polluted. This may be due to the fact that there were no environmental 
standards for brick kilns in China. 


TERI Report No 2000EE68 





Development of emission standard for VSBK 



The VSBKs in India are equipped with chimneys The shaft is also provided with 
lids to reduce pollution at work place. Dampers provided in the chimneys for 
controlling air flow through the kiln resulting in better control on the firing 
process. 

In addition to the existing VSBK s, a number of VSBK kilns are under 
construction, which will soon become operational. It is estimated that by the end 
of the year 2002 about 30 VSBKs would become operational. The environmental 
norms for BTK, high draft (HD) kilns have been framed during 1996. Introduced 
in the year 1996 in some segments of the country’, VSBK technology has gone 
through its technology adoption stage to suit the local conditions Also, VSBK 
technology is more efficient than other existing technologies in the country’. 
With this background it was felt that there is a need to formulate emission 
standards for VSBK technology which is likely to emerge as one of the options 
for brick firing in the country. 

TERI was entrusted by the Central Pollution Control Board (CPCB) to carry’ out 
a study on “Development of emission standards and stack height regulation for 
vertical shaft brick kilns vis-a-vis pollution control measures”. The study 
involved detailed environmental and energy monitoring of four VSBKs and 
come out with possible, achievable and practical environmental norms for 
suspended particulate matter (SPM) and chimney height. 

1.5 Outline of the report 

An introduction to the VSBK technology briefing about the technology 
background and its working principle has been summarised in chapter 2. The 
study involved performance monitoring of three VSBKs. It included monitoring 
of environmental and energy performance. The environmental performance 
included monitoring of stack emissions, work station and ambient air quality. 
The details of the methodology are described in chapter 3- The methodology for 
environmental modelling for the development of emission norms for SPM are 
also explained in this chapter. 

The results of detailed performance monitoring of the following VSBKs covering 
environmental and energy aspects are presented in chapter 4. The following 
kilns were monitored during the study. The period of monitoring are shown m 
brackets. 
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0 VSBK-1 . VSBK - Service Centre, Datia - Double chimney [monitored 
during May 2001] 

■ VSBK-2 : VSBK - Gwalior [monitored during May 2001] 

* VSBK-3 . VSBK - Nimbut [monitored during December 2001] 

■ VSBK-4 : VSBK - Service Centre, Datia - Single chimney [monitored 

during January 7 2002] 

The air quality 7 dispersion model results are described in detail in chapter 5. 
Approach to delineate standards for SPM and stack height are elaborated in 
chapter 6. The conclusions of the study are provided in chapter 7. 


TER 


Report No 2000EE68 





Vertical shaft brick kiln (VSBK) 
technology 


Working principle of VSBK 

The VSBK is a vertical kiln with stationary fire and moving brick arrangement. 
Figure 2.1 shows the VSBK. The kiln operates like a counter current heat 
exchanger, with heat transfer taking place between the air (moving upwards) 
and the bricks (moving downwards). It consists of one or more shafts with 
rectangular/ square cross section. The shaft wall (inner surface of the kiln) is 
usually lined with refractory bricks and the outer kiln wall is made up of red 
brick. The gap between the shaft wall and outer kiln wall is filled with materials 
such as clay, rice husk and fly ash. Peepholes are provided along the shaft height 
for monitoring fire and temperature. 


Green dry bricks are 
loaded from kiln top in 
batches. Each batch 
typically contains four 
layers of brides in a 
predetermined pattern 
(figure 2.2 a&b). The 
kiln can be divided into 
three distinct sections. 
The top section is the 
brick preheating zone, 
the middle section is the 
firing and heat soaking 
zone and the lower 
section is the brick 
cooling zone. 

Fuel is usually added in 
two forms; internal fuel 
and external fuel. The internal fuel is added with soil during prior to brick 
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moulding. Different internal fuels used in VSBK are coal powder, fly ash, 
biomass fuels such as ricehusk and bagasse. Only coal is used as external fuel 
VSBKs. 
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Figure 2.2a Type I Layer 
by layer brick arrangement 
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Figure 2b. Type II Layer by layer brick arrangement 
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VSBK is a natural draft kiln, requiring no electricity for supply of combustion 
air. The air required for combustion enters from the bottom of the kiln. It 
extracts the heat from the cooling bricks before reaching the firing zone. The flue 
gases leaving the firing zone exchange heat with dry bricks loaded thereby 
preheating them. The flue gases finally enter the chimney through the flue duct 
at a temperature of 60 to 150°C. Each shaft is provided with two chimneys 
placed diagonally to each other. Lids are provided at the shaft top which direct 
the gases to pass through chimney. A single screw' jack system is used for 
unloading of the fired bricks. 

2.2 Kiln operation 

Under stabilized operating conditions, one batch of dried green bricks is loaded 
from shaft top in layers. A measured quantity of coal is spread uniformly on each 
layer in between the gaps formed in the stacked brides. The size of coal may vary 
between 5 mm to 70 mm depending on the type of soil being used for brick 
making. The temperature of the firing zone varies between 950 to 1050 n C 
depending on the vitrification temperature of the soil. The fired and cooled 
bricks are unloaded from the shaft bottom, using a trolley which runs on rails 
along the length of the unloading tunnel. The trolley is lifted and lowered using a 
single screw mechanism. 

During unloading, all chimney dampers are opened for removing flue gases 
through chimney though the lid is open. The trolley is lifted up by rotating the 
screw' system. The trolley touches the brick setting and the load of entire stack of 
bricks is shifted to it. The support bars are then removed and the screw 
mechanism is lowered by one batch of bricks. The support bars are inserted back 
in their position after lowering one batch of bricks and the screw system is 
further rotated so that the remaining brick layer is brought down and the entire 
load of brick stacking is transferred again to the support bars. The trolley 
containing four layers of bricks is further brought down and pulled out on a pair 
of rails for unloading. The next batch of bricks is now loaded at the shaft top. 
The duration of loading-unloading operation varies between 15 to 25 minutes. 
The frequency of loading to unloading is about 2 to 3 hours. The total time for 
firing bricks in VSBK varies between 20 to 40 hours. 

2.3 Kiln design 

VSBK is modular in construction. The production capacity of VSBK is dependant 
on number of shafts in operation. The most important component in VSBK 
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construction is the shaft size and its verticality. The size of the shaft determines 
its production capacity and is dependant on the size of the dry brick loaded in it. 
In VSBK, coal which is the external fuel used, is added between the brick 
stacking during each batch of loading. About 5 to 10 mm gap is required to 
spread the fuel between the bricks. Thus the exact dimensions (length, width 
and height) of dry green bricks are vital in determining the size of the shaft 
(inner length and width). 

2.4 IBP and present status of VSBK technology 

Between 1996 and 1999, the project, under its “action research phase”, set up 
four pilot VSBKs covering different geographical regions, soil and climatic 
conditions. These include VSBKs demonstrated at Datia (Madhya Pradesh), 
Berhampur (Orissa), Palghat (Kerala) and Pune (Maharashtra). These 
demonstration projects had helped in technology adoption to local conditions. 

As on March 2002, about 15 number of VSBKs are operating in different parts of 
the country (figure 2.3). A number of organisations are involved in technology 
demonstration and dissemination of VSBK. These include Development 
Alternatives (New Delhi), Tata Energy Research Institute (New Delhi), Gram 
Vikas (Orissa), Damle Clay Structurals Private Limited (Maharashtra) and 
Mitcon Consultancy Services Limited (Maharashtra). 

During the technology anchoring process, the project had incorporated several 
design modifications to improve the technology and adopt to local operating 
conditions. Some of the major modifications in the kiln design are: 

■ Modified chimney arrangements. Most of the Chinese VSBKs do not have 
chimney for removal of flue gases. All Indian VSBKs have double chimney 
arrangement which are located diagonal to each other. The project has also 
recently demonstrated a single chimney system in one of the shafts of 
VSBK-Service Centre. Both brick and metal chimneys are used in Indian 
VSBKs. 

■ Increased production capacity. The shaft size has increased from 1 m X 1 m 
to 1 m X 2 m. The production capacity has increased from 2200 bricks per 
day to 4200 brides per day. 

■ Increased batch heights. The batch height of bricks was increased from 8 to 
13 to improve the quality of the final product. 

■ Instrumentation and control system. Thermocouples are used to measure 
the temperature of firing zone. Temperature indicators are used in the 
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chimneys to monitor the flue gas temperatures. The dampers provided in the 
kiln are used to control the flue gases. 


TER 
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Methodology for the study 



The various steps methodology followed in the project were: 

■ Project inception and planning phase 

■ Literature survey 

■ Field studies, data analysis and modelling 

- Source characterisation and ambient air monitoring 

- Work environment monitoring 

- Ambient air monitoring 

- Feasibility analysis of suitable control technologies for cost effective 
performance 

- Arriving at standards for stack height and fugitive emissions 

- Energy related performance of VSBKs (energy audit) 

3.1 Kiln selection 

At the time of initiating the study, a total of 12 VSBKs were operating located in 
the states Madhya Pradesh (5), Maharashtra (4), Orissa (1) and Uttar Pradesh 
(2). The basic criteria in the selection of kilns included the following factors: 

■ Production capacity 

■ Kiln management 

* Type of chimney 

■ Geographical location 

3.1.1 Production capacity 

The present production capacity of brick making units using VSBK ranges from 
3000 bricks per day to 20000 bricks per day. Both the smallest capacity (VSBK- 
Nimbut) and the largest capacity (Yade Bricks, Gwalior) were selected for the 
study. While VSBK-Nimbut is a single shaft VSBK, Yade Bricks-Gwalior has 
four shafts. 

3.1.2 Kiln management (ownership profile) 

Kiln management has important bearing on the operating practices and hence 
the performance of the kiln. 


TER I Report No 2000EE68 




Development of emission standard for VSBK 



Out of the three kilns selected for the study, one of the kilns (VSBK-Service 
Centre, Datia) was owned by an institution - Development Alternatives, a 
partner organisation in the India brick Project. The kiln was selected because of 
its experienced staff. And hence the kiln represents the case of best operating 
practices. The other two kilns are operated by private entrepreneurs 
representing commercial kilns in the field. 

3.1.3 Type of chimney 

In the traditional design, VSBK has masonry chimney. During discussions with 
CPCB officials the need for a single chimney arrangement to simplify the 
monitoring was expressed. Keeping this need in view. A single chimney was 
erected at the VSBK-Service Centre, Datia and monitored for its performance 
under the project. 

3.1.4 Geographical location 

Majority of the existing VSBKs are located in the states of Madhya Pradesh (5 
number) and Maharashtra (4 number). These two states also show a large 
potential for VSBK technology. Therefore, the kilns located in these two states 
were selected for monitoring. 

With these considerations, following kilns were selected for carrying out the 
performance monitoring. The kiln selected for monitoring is referred as under: 

■ VSBK Service Centre-Datia [to be referred as VSBK-1] 

* Yade Bricks-Gwalior [to be referred as VSBK-2] 

18 VSBK-Nimbut [to be referred as VSBK-3] 

8 VSBK-Datia (single chimney system) [to be referred as VSBK-4] 

The seasonal effects were also studied, two kilns were monitored during winter 
and two kilns during summer with VSBK-l (&4) being monitored both during 
summer and winter. 


3.2 Sources of pollution and methodology for Environment 
monitoring 

In the brick production, the main type of pollution is air pollution. Sources of 
air pollution in VSBKs are stack emissions, emissions from the top of the shaft, 
which is also a loading platform, and fugitive emissions. Typically the coal is 
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powdered and used in YSBK. The emission from stack is very less. Unlike bulls 
trench Kilns (BTKS) the fugitive emissions are much less. 

In order to study the emaronmental performance of the VSBK technology, a 
detailed environmental monitoring was carried out in 4 VSBKs. The 
environmental monitoring includes stack emission monitoring, ambient 
monitoring and fugitive dust measurement in the work place. During all the 
monitoring CPCB officials were also present. 

2.7 Stack emissions 

Stack gas emissions were monitored for particulate matter, SO 2 and NO*. Stack 
emission monitoring was carried out as per the standard procedure 
recommended by the CPCB. Stack sampler (APM 615 of Envirotech make) was 
used to sample the flue gas for particulate and gaseous pollutant. Flue gas 
temperature was measured by thermocouples and velocity was measured using 
differential density' velocity monitor. Iso-kinetic sampling was followed for 
particulate sampling. Samples vere collected for a period of 50 minutes to 60 
minutes. Pre conditioned and weighed thimbles (GFA, Whatmann make) were 
used for sampling. Flow rate for gas analysis was maintained at 2 LPM and the 
analysis was done by chemical method. Carbon monoxide (CO) levels were also 
checked using flue gas analyser and Orsat apparatus. Flue gas samples from the 
last two monitoring (VSBK-3 and VSBK-4) were also analysed for Total 
hydrocarbons by the gas chromatographic method (GC). Figure 3.1 shows the 
stack monitoring being carried out. 

During the monitoring (May 2001) two out of three shafts in VSBK—1 were in 
operation. VSBK-2 has four shafts and all of them were in operation during the 

monitoring. VSBK- 
3 is a single shaft 
kiln. Last 
monitoring was 
carried out in the 
single chimney at 
VSBK-4. The single 
chimney was 
erected by 
connecting the two 
vertical chimneys. 
Before erecting the 

Figure 3.1 Stack emission monitoring at VSBK 
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single chimney system, the design was discussed with CPCB officials. Some 
important details of the kilns monitored are summarised m table 3.1. 


Table 3.1 Kiln details - stack emission monitoring 



Time of 

No of 

Shafts in 

Shafts 


Height of porthole 
from loading 

Fuel additioi 

Location 

momtonng 

shafts 

operation 

monitored 

Chimney details 

platform (m) 

in energy) 

VSBK-1 

May 2001 

3+1 

2 

2 

Conventional 2 

bnck chimneys 

per shaft 

2.5 

Internal-40' 

External - 6C 

VSBK-2 

May 2001 

4 

4 

2 

Conventional 2 

bnck chimneys 

per shaft 

25 

Internal-40' 

External - 6( 

VSBK-3 

December 

2001 

1 

1 

1 

Conventional 2 

bnck chimneys 

per shaft 

30 

Internal-45' 

External - 51 

VSBK-4 

January 

2002 

3+1 

1 

1 

Metal single 

chimney 

55 

Internal- 45' 

External-5! 


3.2.2 Ambient air quality monitoring 

To study the impact of VSBK on near by environment, ambient air quality was 
monitored in 3 locations at each kiln. The ambient air monitoring locations were 
selected at a distance of 50 - 100 meters from the kiln. Suspended particulate 
matter (SPM), Sulphur dioxide (S0 2 ) and Nitrogen dioxide (NCb) were 
monitored in the ambient air High volume air sampler was used for sampling 
SPM at the flow rate of lm 3 /min. Gaseous sampling kit attached to the high 
volume sampler was used for gaseous sampling and the flow rate was 
maintained at llit/min. The samplers were kept at a height of 3 to 10 meters 
from the ground level. 

For SMP sampling, pre conditioned and weighed GFA filters were used For S0 2 
and NO 2 the gas was bubbled through suitable absorbing media. S0 2 was 
analysed by West and Gake method. For NOx measurement modified Jacob 
Hoischier method was followed. Ambient air quality samplings were done for 
duration of 8hours. Ambient meteorological conditions were also recorded. 
Figure 3.2 shows the ambient air quality monitoring. The locations of field 
monitoring stations are shown in figure 3.3. 
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Figure 3.2 Ambient air quality monitoring 



* indicates locations of ambient monitoring stations 

Figure 3.3 Locations of field monitoring stations at VSBK-l 
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Figure 3.4 Personal monitoring for particulate in the unloading area 


3.2.3 Work environment monitoring 

Concentration of dust or particulate (SPM) and carbon monoxide (CO) in the 
work environment such as loading and unloading platform were monitored. 
Particles were collected on a pre conditioned and pre weighed membrane filters 
(Millipore, Ireland make) and analyzed by gravimetric technique. Personal dust 
sampler (SKC, USA make) was used for sampling the ambient air. The flow of 
the personal air sampler was calibrated by the soap bubble technique. During 
the monitoring the flow was maintained at 2 lit/min. The monitoring was done 
for a period of 8 hours. Figure 3*4 shows the personal monitoring of dust m the 
unloading area. CO levels in the working area were recorded by the personal CO 
monitors (National Dragger, USA make). 

3.3 Energy monitoring 

The energy audit of the above three kilns were carried out in order to study the 
energy use and various losses occurring m the system and arrive at suggestions 
for improving the performance. The study included the following aspects: 

■ Identification and quanitification of energy losses m VSBKs 

" Study of the temperature distribution in the kiln for a clear understanding 
of the combustion and heat transfer occurring in the kiln 

■ Study of operating practices, mainly brick stacking arrangements, fuel 
used, fuel preparation & feeding practices and their impact on fuel 
consumption in the kiln 
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3.3.1 Components involved in energy audit 

Different heat losses measured during the energy audit study are: 

■ Dry flue gas loss 

■ Radiation and convection losses from kiln outer surface 

■ Heat required for removal of mechanically held moisture in green dry 
bricks 

■ Heat required for irreversible chemical reactions 

■ Radiation loss from hot exposed bricks at the kiln bottom 
* Sensible heat in the unloaded fired bricks 

■ Heat contained unburnt gases 

■ Heat contained in unburnt fuel 


For measuring various heat losses and to arrive at the specific energy 
consumption of the kiln, following measurements were taken: 

■ Flue gas composition (O 2 , CO 2 and CO) 

■ Flue gas temperature 

■ Kiln surface temperatures 

" Exposed bricks temperatures 
8 Temperature of fired bricks coming out of kiln 

8 Moisture content in dry green bricks at the time of loading in the kiln 
8 Ambient conditions - dry bulb temperature, wet bulb temperature, 
relative humidity 
8 Kiln production details 

8 Fuel consumption - internal and external 


Apart from these measurements, samples of the following were also collected to 
carry' out the analysis: 

8 Fuel - ultimate analysis, proximate analysis and gross calorific value 
8 Soil (used for brick making) - chemical analysis 
8 Ash - carbon content 

3.4 Air quality model 

The impact of emissions from the stacks on the ground level concentrations was 
estimated by using an air dispersion model named, as PTMTP. The PTMTP 
model is based on Gaussian Plume Equation. This is primarily a screening 
model applicable for POINT source emission. The impact of more than 1 stack 
emission (up to 25 sources/ stacks) on the ground level concentration can be 
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screened at a time with the help ot this model. The following source 
characteristics were used in the model. 
s Emission load (g/s) 

■ Physical Stack Height (m) 

* Stack gas Velocity (m/s) 

■ Stack Diameter (m) 

■ Flow Rate - optional,(m 3 /s 

" Stack Gas Temperature (K) 

■ X & Y Coordinates 

The model was run for various meteorological scenarios. For each run mean 
value of various meteorological parameters such as ambient temperature, Wind 
Speed, Wind Direction, Pasquill's Stability' Classes, mixing Height and 
atmospheric pressure were considered to predict the impact on ground level 
concentration. 


TER 
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Results and analysis of kiln 
monitoring 


VSBK-1, VSBK-2, VSBK-3 and VSBK-4 were monitored for the following 
performance: 

■ Stack emissions 

B Ambient air quality 

■ Work station air quality 

■ Energy performance 

The details of the results and the analysis are presented in the following 
sections. Details of the kilns, important kiln operating parameters and the 
energy balance of the kiln are given in annex 4.1. 

Stack monitoring results 

In all kilns the stack samples were collected for a period of 50 to 60 minutes. 
Kiln operations were not altered and normal practices were followed in all kilns. 
It was observed that typically the kiln operators don't use lid during normal 
practices. This is exceptional in VSBK1 and VSBK4, where the lid was used with 
proper sealing. The coal quality, size of the coal and quantity of internal and 
external fuel also varies from kiln to kiln. Other parameters such as location of 
fire zone during the monitoring, production capacity and duration of operation 
also influence the stack emission performance. The results of the stack emission 
monitoring are summarized in table 4.1. The details of the stack emission 
monitoring are given in the annex. 4 . 2 . 


Table 4.1 Mean concentration of pollutants in the stack emissions 


Parameter 

Rue gas 

_VSBK-1 

VSBK-2 

VSBK -3 

_VSBK-4_ 

Temp(° C) 

80 

180 

124 

80 


(75-90) 

(168- 190) 

(118-134) 

(78-82) 

Velocity (m/s) 

2 1 

2.9 

1.3 

1.2 


(2.0-2 2) 

(2 8-3 0) 

(1.2-1 5) 

(1.15-14) 

Exhaust flow rate 

599 

838 

391 

207 

(m 3 /h) 

Emissions 

(570-627) 

(798-855) 

(348-434) 

(204-209) 
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Parameter 

VSBK-1 

VSBK-2 

VSBK-3 

VSBK-4 

Particulate 

136 

250 

77 

212 

(mg/Nm 3 ) 

(93- 176) 

(232- 272) 

(57-84) 

(170-234) 

S0 2 (mg/Nm 3 ) 

17 

36 

62 

53 


(13-25) 

(27-44) 

(39-118) 

(48-62) 

N0 X (mg/Nm 3 ) 

42 

79 

68 

74 


(36-50) 

(57-91) 

(55-81) 

(70- 78) 

Hydrocarbons 

NA 

NA 

507 

634 

(mg/Nm 3 ) 



(480-624) 

(580-712) 

CO (ppm) 

525- 1160 

1810-2310 

780- 1020 

1846-1994 

C0 2 (%) 

NA 

NA 

24-40 

5 2-6,3 


Figures in brackets indicate the ranges, NA - Not available 


The stack monitoring result reveals that SPM levels in the flue gas van' from 57 
mg/m 3 to 272 mg/m 3 . The SPM levels in the flue gas are below the emission 
standards (750 mg/m 3 ) stipulated for BTKs. The S0 2 level van,’ from 13 to 118 
mg/m 3 . Whereas the N0 2 concentration vary from 36 mg/m * to 91 mg/m 1 The 
stack emissions are generally influenced by various parameters such as fuel 
quality’, quantity of external fuel used, operational practice etc. Among the 4 
VSBKs monitored the SPM levels were high in the VSBK-2. Temperature of the 
flue gas was also obsen’ed to be higher than other kilns which is attributed to the 
operational practice. It was observed that in the VSBK-2 the operation was fast 
and the fire was in the upper zone. When the fire moves up the emission level 
also increases. 

4.2 Ambient air monitoring 

In addition to the emissions from kiln other parameters such as meteorological 
condition, topography and other activities in the near by vicinity affect the 
ambient air quality’. The VSBK-1(&4) and VSBK-2 are located near high way. 
Stone crushers are located in the vicinity’ of VSBK 2. VSBK-1 and VSBK-2 were 
monitored during the summer season and the ambient temperature was above 
40° C. At VSBK-1, during the monitoring in the summer season the wand 
velocity was less than 2 m/s during morning hours and in the evening the wind 
velocity was very high and at VSBK-2 the wind velocity was very’ high especially 
in the evening and night hours. Though this allows dilution of the pollutants 
from the stack emission, it also carries lot of dust from the nearby places. As the 
VSBK-2 is situated near the stone crushers the dust emitted by the crushers 
were also influence the ambient condition. 
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The VSBK-3 is located in the rural area and away from the highway. After single 
chimney erection the VSBK-4 was monitored in the winter season. During the 
winter monitoring the meteorological conditions were different from the 
previous monitoring in the same location. Most of the time calm conditions were 
observed and the temperature was below 20°C. The summary of the ambient 
monitoring results is shown in the table 4.2. The detailed results are given in 
the annex 4.3 

Table 4.2 Ambient air quality nearthe VSBK 


Ambient air 
quality 


Parameter 

VSBK-1 

VSBK-2 

VSBK-3_ 

VSBK-4 

standards* 

SPM (pg/m 3 ) 

192-346 

189-352 

95-147 

70-129 

500 

RSPM (pg/m 3 ) 

72-112 

84-132 

70 -100 

53-90 

150 

S0 2 (pg/m 3 ) 

10-20 

10-21 

6-15 

8-13 

150 

N0 2 (pg/m 3 ) 

18-32 

25-32 

12-32 

13-40 

120 


Note: * = 24 hour standard for Industrial area 


Following inferences are drawn from the ambient air quality results: 

01 Concentrations of all gaseous and particulate matter were below the 
prescribed Indian standards for Industrial area. 

B Particulate levels were comparatively higher in the summer season. This 
may be due to the influence of high surface wind, which carries the re 
suspension dust and particulate from the vicinity. 

.3 Work area monitoring 

The dust emissions and carbon monoxide levels at various working environment 
is shown in table 4.3. 


Table 4.3 Average dust emission at various working environment 


Location 

Carbon monoxide # (ppm) 

Dust level (pg/m 3 ) 

VSBK-1 



■ Un loading platform 

4-7 

720 -942 

■ Near loading area 

16-24 

1689-2100 

■ Moulding section 

BDL 

392-523 

VSBK-2 



■ Un loading platform 

12-16 

2720-3010 

■ Loading area 

140-184 

2068-2314 

VSBK-3 
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Location 

■ Unloading platform 

■ Loading platform 
VSBK-4 


Carbon monoxide # (ppm) Dust level (pg/rrr) 

3-7 420-500 

108-116 930-982 


■ Unloading platform 6-12 312-428 

■ Loading Platform 20-35 920 -1050 

Permissible limit of exposure (15 400 

minutes) _ 

# Carbon monoxide levels were monitored for a period of 15 minutes 
BDL - Below detectable limits 


The dust and CO levels in the working environment were highest at the VSBK-2 
and lowest at VSBK-1 and VSBK-4. The higher levels of pollutants m the 
working areas may be attributed to the higher level of production, congested 
working space and poor ventilation at the loading platform at VSBK-2. The 
shaft lids were in use only at VSBK-1 (&4). This along with better ventilation 
and sufficient space for movement and storage of bricks is responsible for lower 
pollutant levels at the VSBK 1 (&4). 

4.4 Mass emission load estimation 

While we measured the concentration of pollutants from the stack emission, for 
better comparison the emission rate and mass emission load (kg pollutant/1000 
bricks) were estimated from the concentration, velocity of the flue gases, stack 
dimensions and brick production rate. Emission rates were calculated as 
follows: 


Emission rate of pollutant (kg/hr) = 
Where, 


Sx.Q§ 

10 ( ’ 


Q s = Flue gas flow rate (25° C, 760 Hg mm), NmVhr 

Flow rate of flue gas Q s = Velocity x Area of stack 
S = Concentration of pollutant (mg/Nm 3 ) 


From the emission rate, mass emission load for 1000 brides is calculated as 
follows: 

Mass emission load (kg/lOOO bricks) = Pollutant ennssion rate (kg/h) x 

duration of production for 1000 
bricks x no of chimney in each shaft 

The calculated emission rate and mass emission load are shown in table 4.4. 
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Table 4.4 Emission loading estimation forthe VSBKs 


Parameter 

VSBK-1 

VSBK-2 

VSBK-3 

VSBK- 4 

Dust emission rate (kg/h) 

0.08 

0.22 

0.03 

0.04 

S0 2 emission rate (kg/h) 

0.01 

0.03 

0.02 

0.01 

N0 X emission rate(kg/h) 

0 02 

0.06 

0.03 

0 02 

SPM emission in kg/1000 bricks 

1 35 

2.80 

0.37 

031 

S0 2 emission in kg/1000 bncks 

0.17 

0 39 

0.29 

0 08 

NOx emission in kg/1000 bncks 

0 41 

0 85 

0 33 

0 11 

SPM emission/ kg fired bnck (g/kg) 

0 48 

1 05 

0 14 

0 11 

S0 2 emission/kg fired bnck (g/kg) 

0 06 

0 14 

0 112 

0 026 

NOx emission / kg fired bnck (g/kg) 

0.15 

0 32 

0.13 

0 04 


4.5 Energy performance 

The energy performance of brick kilns is calculated as the thermal energy 
consumed per kg of bricks fired (MJ/kg brick fired). Coal is used as the external 
fuel in VSBKs and fuels such as coal powder, boiler ash, biomass fuels such as 
rice husk are added as internal fuel. While internal fuels are added during 
moulding process, the external fuel i.e. coal is added during each loading 
operation. The specific energy consumption of the kilns monitored are shown in 
table 4.5. Higher energy consumption observed in VSBK-2 was due to the 
unstable condition of the kiln and the higher fuel input leading to melting of 
bricks during the period of monitoring. The average specific energy 
consumption of the other three monitoring works out to be 0.81 MJ/kg fired 
brick. Detailed energy performance of the VSBKs are given in annex 4.1. 


Table 4.5 Specific energy consumption of VSBKs 


Parameter 

VSBK-1 

VSBK-2 

VSBK-3 _ 

VSBK-4 

Coal use (kg/1000 bnck) 

58 

61 6 

65 

87.5 

Internal fuel (kg/1000 bnck)* 

200 

200 

65 (coal powder) 

70 




241 (fly ash) 


GCV-coal (kcal/kg) 

5460 

5040 

4770 

5100 

GCV - internal fuel (kcal/kg) 

990 

990 

4270 (coal powder) 

5100 




530 (fly ash) 


Weight of fired bnck (kg) 

2 8 

2.7 

2 4 

3 1 

SEC (MJ/kg) 

0 74i0 04 

0 79 +0 04 

1 26+0 04 

1 07+0 04 


GCV- Gross calorific value, SEC - Specific energy consumption 
* Datia (double chimney) - coal ash, Gwalior - Coal ash, 
Nimbut - coal powder & fly ash; 

Datia (single chimney) - coal powder 
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The mass balance of a typical VSBK is shown in figure 4.1. 


Green brick: 9914 kg 

V 

s 

B 

K 

► i 

Fired brick : 8864 kg 

Coal: 252 kg 

th 

Water vapour : 1072 kg (moisture 
brick + combined water + moistm 
in fuel) 

----- - , Iht. 

w 

Flue gases • 8343 kg 

_ . 

w 

Air: 8208 kg 

I 

r 

Ash : 95 kg 

- ► 

P 



Figure 4.1 Mass balance in a typical VSBK 
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5.1 Air quality dispersion model results 

The dispersion of stack gases laden with pollutants and their impact on the 
ground level concentration has been studied by using mathematical models 
based on Guassian Plume. Computations have been made using the Screen and 
PTMP models to estimate the SPM concentrations at various locations along the 
axis of the plume. 


PTMTP is an Air Dispersion Model based on Gaussian Equation. This is 
primarily a screening model applicable for POINT source emission and requires 
following source characteristics: 

1. Emission load (g/s) 

2. Physical stack height (m) 

3. Stack gas velocity (m/s) 

4. Stack diameter (m) 

5. Flow rate (mD/s) - Optional 

6. Stack gas temperature (K) 

7. X & Y coordinates 


The model can be used for processing 25 meteorological scenario per run. 
Ground level concentrations (GLC) using this model could be measured up to 30 
receptors, with provided values for X, Y and Z coordinates from the source. The 
meteorological data required is average values of the following parameters. 

1. Ambient temperature (K) 

2. Wind speed (m/s) 

3. Wind direction (degree) 

4. Pasquill’s stability classes (1-6 : Highly unstable - Highly stable) 

5. Mixing height (m) 

6. Atmospheric pressure (MB) 
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PTMTP model performs batch wise calculation of GLC for ever}- meteorological 
scenario. For each kiln the model was run for various stability classes (table 
5.1). 


Table 5.1 Stability class for the PTMTP model 


Stability class 


A 

B 

C 

D 

E 

F 


Condition^ 

Highly unstable 
Moderately unstable 
Slightly unstable 
Neutral 

Moderately stable 
Highly stable_ 


The output of PTMTP gives total GLC in g/nV or pg/m 1 due to all stacks or an 
individual stack at any desired receptor point under a specific set of 
meteorological scenario. 

5 . 7.7 PTMTP model results for VSBK-1 

Figures 5.1a to 5.ld show the modelling results for the VSBK-1 for different 
wind speeds- l-5m/s. For the worst dispersion scenario i e wind velocity of the 
order lm/s, maximum GLC concentration is about 1 0 pg/nV at a horizontal 
distance to 30m from the stack. The concentration tends to decrease with better 
dispersion on account of increased wind speeds and greater distance from the 
source. 
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Figure 5.1a PTMTP results for VSBK-l lor the average wind speed of 1 m/s 



Distance, in 


Figure 5 lb PTMTP results for VSBK-l for the average wind speed of 2 m/s 



Distance, m 
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Figure 5.1c PTMTP results for YSBK-1 for the average wind speed of 3 m/s 
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Figure 5 id PTMTP results tor VSBK-1 tor the average wind speed of 4 m/s 
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Figure 5.1e PTMTP results for Kiln-1 for the average wind speed of 5 m/s 



Input Parameters 


Load 0 022g/s 
Stack Height 12m 
Exit Velocity 2m/s 
Stack Diameter 0 25m 
Stack Temperature. 317K 
Ambient Temperature 1 313K 
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Maximum SPM Concentration 

(ig/nr 1 at 100m down wind at VSBK1 


Stability Classes 

Wind Speeds 





lm/s 

2m/s 

3m/s 

4m/s 

A 

0.11 

0.06 

0 04 

0 04 

B 

0.15 

0.07 

0 05 

0 06 

C 

0.21 

0 11 

0 07 

0 08 

D 

0.32 

0 16 

0 11 

0.20 

E 

0.41 

021 

0 14 

0 00 

F 

0.99 

0,50 

0 33 

0.00 

Input Parameters 





Load, g/s 


0 022 



Stack height, m 


12 



Number of stack 


6 



Exit Velocity, m/s 


2 



Stack Temperature, K 


317 



AmbientTemperature, K 


313 




5.1.2 PTMTP model results for VSBK-2 

Figures 5.2a to 5.2d show the modelling results tor the VSBK 2 tor different 
wind speeds-1-5 m/s. For the worst dispersion scenario i.e wind velocity of the 
order lm/s, maximum GLC concentration is about I0.8jng/m3 at a horizontal 
distance to 50m from the stack. The concentration tends to decrease with better 
dispersion on account of increased wind speeds and greater distance from the 
source. 

Figure 5.2a : PTMTP results for VSBK-2 for the average wind speed of 1 m/s 


1 ? 


lOf * 


I * M 5 r —c^_E -- 



DISTANCE, m 
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Figure 5.2b PTMTP results tor VSBK-2 for the average wand speed of 2 m/s 



gure 5 2c . PTMTP results for VSBK-2 for the average wind speed of 3 m/s 


10 



DISTANCE, m 
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Figure 5.2d : PTMTP results for VSBK-2 for the average wind speed of 4 m/s 



DISTANCE- m 


Figure 5.2e : PTMTP results for VSBK-2 for the average wind speed of 5 m/s 



DISTANCX, m 
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Maximum SPM Concentration ug, m3 at 100m down wind at VSBK 2 


Stability Classes 

.Vind Speeds 





lm/s 

2m/s 

3m/s 

4m/s 

A 

1 24 

0 62 

0 41 

031 

B 

1 63 

0 81 

0 54 

041 

C 

2 32 

1 16 

0 77 

0.58 

D 

3 47 

1 73 

1 16 

0.87 

E 

4 50 

2 26 

1 51 

1.13 

F 

10 71 

5 40 

3 61 

2.71 

Input Parameters 





Load each Stack g/ 

$ 

0 06 



Stack height, m 


115 



Number of stack 


8 



Exit Velocity, m/s 


2.9 



Stack Temperature K 

463 



Ambient Temperature K 

309 




5.1.3 PTMTP model results for VSBK-3 

Results ot computations at Kiln 3 for different wind speeds are as Figures 5.3 a 
to 5.3 e. As seen in the figure, even for a wind speed of the order of lm/s, 
maximum incremental GLC concentration for suspended particulate matter is 
about 0.36 pg/m3 at a horizontal distance to 50m from the stack. The 
concentration tends to decrease with better dispersion on account of increased 
wind speeds and greater distance from the source 

Figure 5 3 a PTMTP results for VSBK-3 for the average wind speed of 1 m/s 
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Figure 5.3 b : PTMTP results for VSBK-3 for the u\ erase wind speed of 2 m/s 



Figure 5.3c: PTMTP results for VSBK-3 at the average wind speed of 3 m/s 



DISTANCE, m 
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Figure 5 . 3 d PTMTP lesult.s for VSBK-,3 at the a\eiage wind speed of 4 m/s 
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Maximum SPM Concentration pg/m3 at 100m down wind atVSBK-3 


Stability Classes 

Wind Speeds 





lm/s 

2 m/s 

3m/s 

4m/s 

A 

0 04 

0 02 

0.01 

0.01 

B 

0 05 

0 03 

0.02 

0.01 

C 

0 08 

0 04 

0.03 

0.02 

D 

0 12 

0 06 

0.04 

0 03 

E 

0 15 

0 08 

0 05 

0 04 

F 

0 36 

0 18 

0.12 

0 09 

Input Parameters 





Load each stack, g/s 


0 008 



Stack height, m 


12 



Numberof stacks 


2 



Exit Velocity, m/s 


14 



Stack Temperature, K 

397 



Ambient Temperature 

1 K 

303 
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5.1.4 PTMTP model results for VSBK-4 

Modeling results for the Single stack (VSBK 4) are shown as Figures 5.4a to 5 4 e 
These have been calculated for different wind speeds of l-fjm/s. For wind speeds 
of the order of lm/s, GLC concentration is about 0.27pg/m' at a horizontal 
distance to 50m from the stack. 
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Figure 5 4a PTMTP icsults for VSBK-4 for the average wind speed of 1 m/s 



Distance, in 


Figure 5 4b. PTMTP results for VSBK-4 for the average wind speed of 2 m/s 



Distance, m 
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Figure 5.4c- PTMTP results foi VSBK- 4 for the average wind speed of 3 m/s 



Distance, m 


Figure 5.4d PTMTP results for VSBK-4 for the average wind speed of 4 m/s 



Distance, m 


TERI Report No 2000EE68 




Develop. ' “ n, N j ■ ■: .• : V. BK 


Figure 5 h 1 PTMTP lesult,* tor VSBK 4 tor the ;uerage wind speed of 5 m/s 



0 30 


0 25 



Distance, in 


Input Parameters 

Load. 0 012g/s 
Stack Height 13m 
Exit Velocity 1 2m/s 
Stack Diameter 0 25m 
Stack Temperature 353K 
Ambient Temperature 295K 
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Number of Stack 

3 

Exit Velocity, m/s 

1 2 

Stack Temperature K 

353 

Ambient Temperature, K 

295 


5.2 Discussion on results 

PTMTP model was used to compute the cumulative impact of emission from the 
brick kilns on the Ground Level Concentrations under different meteorological 
conditions. The model results are summarised and shown in table 5.2. In all 
these kilns the maximum incremental rise in ground le\ el SPM concentration is 
expected under the stable condition with low wind speeds. 


Table 5.2 Maximum incremental rise m ground level SPM concentrations (pg/m 3 ) 


Location 

Stability 

Wind Speed 






1 m/s 

2 m/s 

3 m/s 

4 m/s 

VSBK-1 

F 

0.99 

0 50 

0 33 

0 07 

VSBK-2 

F 

10.71 

5 40 

3.61 

2 71 

VSBK-3 

F 

0.36 

0 18 

0 12 

0 09 

VSBK-4 

F 

0 27 

0 13 

0 09 

Negligible 


Following conclusions are drawn from the results 

1. In all VSBKs, the maximum impact zone within which incremental 
concentrations are significant lies with in the downwind distance of 100 
metre. 

2. In case of VSBK-2, where there are 8 number of stack, the maximum 
increase in the ground level concentration (GLC) lor SPM was computed 
by PTMTP is 107 pg/m-* at 100 metre under very stable condition at lm/s 
wind speed 

3. The pollutants are dispersed well in the lower atmosphere under unstable 
atmosphere for all wind speed conditions, which show's a very marginal 
increase m GLC and it remains almost unchanged for a longer distance. 

4. During daytime the incremental change in the ground level SPM 
concentration due to VSBK is insignificant. During the night time, due to 
the atmospheric conditions there may be a marginal increase in the 
ground level SPM concentrations, which is confined to the distance of 100 
metre in the dow r n wind direction. 
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Other significant findings are tiiat in the case of VSBK 1(&4), where the emission 
levels were monitored lor two different conditions i.e, Two stacks in case of 
VSBK 1 and single stack m case of kiln 4. The results reveal that in the case of 
single shaft the incremental concentration was reduced by 27%. Therefore, it is 
felt that the single stack system could help in reducing the emissions. However, 
this analysis is based on monitoring of only one single stack system, which needs 
to be studied further 

5.3 Stack height estimation for VSBK 

The minimum stack height required for the dispersion of pollutants was 
calculated as per the formulas recommended by Central Pollution Control Board 
(CUPS/13/1984-H5). 


Stack height II in meters for different emission rates [Q] for 


Sulphur dioxide H = 14 (Q) fn [Q in kg/hr] 

Particulate matter H = 74 (Q)° 27 [Q in tonne/hr] 

The estimated minimum stack heights required for proper dispersion of 
pollutants are given in table 5*3. 


Table 5.3 Stack height estimation for the VSBKs 



SO; emission rate 

Particulate emission rate 

Kiln 

kg/h 

Stack height (m) 

tonne per hour 

Stack height (m) 

VSBK-l 

0 0102 

3.5 

0.00008 

5.8 

VSBK-2 

0.03 

49 

0 00022 

7.6 

VSBK-3 

0 023 

45 

0.00003 

4.4 

VSBK-4 

0011 

3.6 

0 000044 

4.9 


Note Stack height indicates height from the ground level 


In all these kilns, the stack height is more than 10 meters from the ground level, 
which is higher than the estimated minimum stack height requirement. 
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The SPM emissions from VSBK, their mass emission load and vis-a-vis 
comparison with their specific energy consumption are compared with other 
brick making and similar firing technologies in the following sections. 

Comparison with other brick kiln technologies 

Moving chimney BTK, fixed chimney BTK and high draught kiln are the other 
continuous kilns in use, with which the performance ofVSBKcanbe compared. 
The important performance parameters, which are of interest while comparing 
the environment performance of brick kilns, are: 

" Stack emissions - SPM (mg/Nm*) as well as emission loading (g/ kg-fired 
brick) 

•* Fugitive emissions 

■ Specific energy consumption (MJ/kg-fired brick) which is an indication of 
the energy efficiency 


The data for moving chimney BTK, fixed chimney BTK and high draught kilns 
(located in north zone) have been taken from CPCB document on brick kilns . 

1 Stack emissions 

The stack emissions of different brick kiln technologies are shown in Figures 6.1 
and 6.2 . In Figure 6.1, the measured values of SPM in flue gases have been 
compared 

In the annular kilns (BTKs and high draught) the fuel feeding is intermittent and 
therefore higher emissions are observed during the coal feeding. In VSBK there 
is no distinct coal-feeding period and hence emissions are not separately 
measured for coal feeding and non-feeding periods. 


° Comprehensive industry document with standards/ guidelines for pollution control in brick 
kilns, Central Pollution Control Board, New Delhi (1996). 
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Moving chimney High draught Fixed chimney VSBK-1 VSBK- 2 VSBK J VSBK-4 


Figure 6.1 Stack emissions (SPM le\ els) from different brick kilns 



Figure 6.2 Mass emission load of different brick kilns 
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The SPM lev els show that the} are highest for moving chimney BTKs (max: 1721 
mg/Nm k average 1021 mg/NnV) and minimum for VSBKs (77 to 250 mg/Nm 3 ; 
average for four kilns • 170 mg/Nm ty. It may be noted that the production 
capacities of VSBKs match with the moving chimney BTKs of small and medium 
capacities and therefore the SPM emissions are significantly lower as compared 
to moving chimney BTKs which have to meet the emission standards of 1000 
mg/Nm \ 

The stack emissions in VSBK are also lower compared to fixed chimney BTK 
(maximum. 558 mg/ Nmd; Average: 346 mg/ Nm 3 ). The comparative data for 
BTKs equipped with gravity settling chambers is not available. 

The mass emission load of different brick firing technologies have been 
compared in figure 6.2 which shows that it is lowest in case of VSBK (0.11 to 
0.48 g/kg fired brick), except for VSBK-2 showing 1.05 g/kg fired brick. The 
lowest mass emission load was observed for VSBK with single chimney 
arrangement. The monitoring was carried out in summer and winter seasons. It 
also indicates that the mass emission loads are lower during winter season. 

6.1.2 Specific energy consumption 

The process efficiency is reflected in the specific energy consumption of the kiln. 
The specific energy consumption of VSBK technology was observed to be the 
lowest (0.74 to 1.07 MJ/kg fired brick) with an exception of VSBK-3 with a 
figure of 1.26 MJ/kg fired brick. The higher level of observed figure may be 
attributed to the non-stabilised condition of the kiln during the period of 
monitoring. Melting of bricks were observed which clearly indicated higher fuel 
input. The specific energy consumption of the VSBKs monitored is shown in 
Figure 6.3. 

Apart from the energy monitoring carried out for this study, TERI also had 
carried out for other VSBKs as well. Table 6.1 shows the specific energy 
consumption of other VSBKs which clearly shows that it is very much lower as 
compared to other brick firing technologies. 
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Moving chimney High draught Fixed chimney VSBK i VSBK ? VSBK 'i VSBK-4 


Figure 6.3 Specific energy consumption of different brick kilns 


Table 6.1 Specific energy consumption of other VSBKs 


VSBK 

State 

Specific energy consumption 

(MJ/kg fired bnck) 

VSBK-Datia 

Madhya Pradesh 

0 84 

VSBK-Kankia 

Onssa 

1 06 

VSBK-Pune 

Maharashtra 

0 85 

VSBK-Varanasi 

Uttar Pradesh 

0 83 

VSBK -Amravart 

Maharashtra 

0,78 


6.2 Comparison with other products with similar firing 
technologies 

Cupola furnace and lime kiln have similar firing technology i e vertical, 
updraught system. Emission standards are available for both the systems having 
different production capacities (table 6.2) The SPM emission standards for 
smaller production capacities of these technologies are m the range 450 to 500 
mg/Nm 3 . 
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Table 6.2 Emission standards with other similar firing technologies 


Firing technologies 

Cupola 

Ume kiln 

Bull's trench bnckkiln 


Production capacity 
Up to 3 tph 
More than 3 tph 
5 to 40 tpd 
More than 40 tpd 
Up to 15000 bncks per day 
More than 15000 bncks per 
day_ 


SPM standards (mg/Nm J ) 

450 

150 

500 

150 

1000 

750 


tph - tonne per hour, tpcl - tonne per day 


6.3 SPAA emission standards for VSBK 

The performance of VSBKs observed during VSBK monitoring and a vis-a-vis 
comparison with existing technologies in brick making as well as other similar 
firing technologies especially in small scale industrial sector lead to the following 
conclusions. 


The analysis indicates emission standards of 300 mg/Nm 3 for SPMjs a 
justifiable limit. There is further scope for reducing emission standards in future 
with adoption of better operating practices (annex 6.1) which is reflected in the 
case of VSBK-1 and VSBK-3 where the emission levels do not exceed 150 
mg/Nm 3 . 

The environmental model predictions for the ground level concentration also 
indicate that the incremental concentration of the dust level is marginal (about 
10 gm/Nm 1 ) at a distance of 100 metre downwind direction in the case of 
VSBK-2 having highest emissions. 

Therefore, SPM concentration of 300 mg/Nm 3 in stack gases is proposed as 
minimal standard for vertical shaft brick kilns (VSBKs). 

6.4 Stack height standards for VSBK 

Stack height estimations for VSBK, based on measured SO 2 and SPM emission 
rates (section 4-4), show that the maximum stack height requirements for 
VSBK varies between 3.5 to 7.6 metre. In all the four kilns monitored, the 
sulphur content was less than 1%. 


TER I Report No 2000EE68 



Development of emission standard for VSBK 



A worst-case scenario was built up assuming that high sulphur coal (5% sulphur) 
is burnt in VSBK and all the SO 2 generated leu\ e through the stack. The 
minimum stack height requirements works out to be 13.o metre Howc\er, it 
may be noted that the high sulphur content coal is not suitable for firing in 
VSBK as the coal contains high percentage of volatile matter. 


■ Based on the monitoring and meeting the requirements of environmental 
standards, it is recommended that the stack height of VSBK should not be 
less than 14 metre from ground level. 

■ Keeping in view the requirements of environmental regulator}' authorities 
for monitoring stack emissions and the environmental monitoring carried 
out for the study, only one chimney per shaft of VSBK should be preferred. 
A sketch of the single chimney system is shown in annex 6.1. 

6.4 Pollution control system requirements 

The environmental and energy monitoring of VSBK systems indicates the 
following features with regard to VSBK technology: 

■ Lower SPM emissions. The average SPM level from VSBK stacks is 170 
mg/Nm 3 and the highest emission observed was 250 mg/Nm 1 which is 
very much lower than the existing stringent environmental standards for 
brickkilns i.e. 750 mg/Nm 3 (section 6.1.1) 

■ Lower mass emission loads. The mass emission loads of VSBKs are also 
significantly lower (average 0.45 g/kg fired brick) than other existing 
technologies for brick kilns (0.65 to 2.35 g/kg fired brick) except for one 
kiln (section 6.1.1). 

• Marginal increase in ground level SPM concentrations The increment in 
ground level concentration predicted with environmental model shows 
that the there is marginal increase in ground level concentration of dust 
level (about 10 pm/Nm 3 ) at a distance of 100 metre downwind direction 

(section 6 . 3 ). 

Incorporation of pollution control system is not necessary' for VSBKs keeping in 
view the low r er emission load of pollutants and technical difficulties in 
incorporating any pollution control system in the natural draught system 
operating at very low draught. However, the emissions from VSBK can be 
further brought down by improving the operating practices. 
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Based on the detailed analysis carried out to monitor the performance of the 
selected vertical shaft brick kilns (VSBKs), following conclusions are drawn for 
the emission standards tor VSBK. 


" Maximum permissible limit of 300 mg/Nm- 1 for SPM.is proposed for the 

VSBK technology. 

* Keeping in view the requirements of environmental regulatory authorities 
for monitoring stack emissions, only one stack per shaft is suggested for 
the VSBK. 

* ft is recommended that the stack height of VSBK should not be less than 
14 metre from the ground level. 

VSBK scores over other brick kilns m terms of energy efficiency as well as 
stack emissions. The emissions from VSBK can be further brought down 
by improving the operating practices. 

Keeping in view the lower emission load of pollutants (dust and S0 X ) of 
VSBK and technical difficulties in incorporating any pollution control 
system in natural draught system operating at very low draught, 
incorporation of pollution control system in not being recommended for 
VSBKs. The emissions from VSBK can be further brought down by 
improving the operating practices. 


TERI Report No 2000EE68 




Development of emission standards 



energy consumption is considerably lower than the speeiiic energy consumption 
of about 2.0 MJ/kg of fired brick of clamps around Datia 2 . 


Table 4.1.2 Specific energy consumption of VSBK-1 


Parameters 


Gross calorific value of coal 

5460 keal/kg 

Gross calorific value of coal ash 

990 keal/kg 

Coal used (kg/1000 bncks) 

58 kg 

Coal ash used (kg/1000 bncks) 

200 kg 

Average weight of fired bnck (kg) 

2.8 

Specific energy consumption (MJ/kg of fired bnck) 

0 74 ±0.04 MJ/kg 


Energy balance 

The various elements of energy balance are as follows. 

» Energy input: It is determined by adding energy input from all sources i e., 
external fuel and combustible material present in the green bricks. 

■ Sensible heat loss in flue gases: The hot gases going out of the chimney are at 
a higher temperature compared to the ambient temperature. The calculation 
of this component requires measurement of oxygen or carbon dioxide 
percentages and temperature of the flue gas, quantity’ and ultimate analysis 
of fuel; and determination of specific heat of flue gases. 

■ Sensible heat loss in fired bricks Unloaded bricks are at a higher 
temperature than the ambient temperature, giving rise to the sensible heat 
loss in fired bricks. In a VSBK this heat loss can be substantial. Temperature 
of brides at the time of unloading, weight of fired brick and the production 
rate are necessary for determination of this loss. 

“ Energy required for drying of bricks: The green brides loaded into the kiln 
contain residual moisture. The removal of moisture requires energy 7 . 
Calculation of this component requires determination of the average 
moisture content in green brides. 

■ Energy required for irreversible chemical reactions: Chemical reactions 
associated with dissociation of clay molecules; removal of chemical water; 
and decomposition of calcium carbonate are endothermic in nature. The 
heat required for irreversible chemical reactions can be estimated by 


2 TERI.1999 Energy Performance of VSBK pilot plants during 1998. Project report submitted to 
Swiss agency for Development and Cooperation New Delhi Tata Energy Research Institute. 
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determining the pure clay fraction in the brick clay. Loss on ignition in the 
clay sample is used for determining the pure clay fraction in the clay 3 . 

■ Surface heat losses: The surface heat loss from the VSBK has two 

components. One is the steady state heat loss from the kiln surface and the 
other is the heat loss from exposed hot bricks at the bottom of the shaft. 

Some important kiln parameters used for calculation of various energy balance 
components are presented in table 4.1.3- The energy balance for the VSBK-1 
based on the measurement taken during the monitoring is presented in table 
4.1.4. 


Table 4.1.3 Important kiln parameters of VSBK-1 

Parameter _ __ 

Average temperature of flue gas (measured at port-hole in the chimney) 80 °C 

Average temperature of unloaded bncks 123 °C 

Estimated pure clay fraction in bnck clay 32 % 

Average moisture content in green bncks 3.5 % 

Oxygen percentage in flue gas (measured at port-hole in the chimney) 16 4 -19.5 % 
Average ambient temperature _35 °C 


Table 4.1.4 Energy balance of VSBK-1 


Energy balance components 

Percentage 

Sensible heat loss in flue gas 

17 6 

Potential heat loss due to 'CO' in flue gas 

3.5 

Heat for free-moisture removal (Drying of bncks) 

12 8 

Sensible heat loss in unloaded bncks 

9.7 

Heat for chemical reactions 

43.2 

Structure and surface heat loss (by difference) 

13.2 

Total heat input - 0 74 MJ/kg of fired bnck 

100 0 


VSBK-2 

The kiln is situated outside Gwalior town. The four-shaft VSBK is operational 
since 1998-99. The kiln has four shafts each of lm x 2m cross-section. The 
production capacity of the unit (four shafts combined together) is around 
15,000-18,000 bricks per day. 


3 Noble W and Green AT. 1950 The firing of common bricks. London: His Majesty’s Stationery 
Office. 
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Specific energy consumption 

Energy performance of one shaft of VSBK-2 was monitored. Internal fuel in the 
form of fine coal ash (boiler slag) is added to cla\ during cla\ preparation. The 
quantity of coal ash is 6 % by weight, which translates into about 200 kg per 
1000 bricks. In addition crushed coal (particle size less than 15 mm) is sprinkled 
on every layer of green bricks during loading of bricks m the kiln. At the time of 
monitoring, about 18 kg of coal was being added per batch (292 bricks) of bricks. 
The gross calorific value of coal sample collected from the site as found to be 
5040 keal/kg and the gross calorific value of coal ash was taken as 990 keal/kg. 
In energy terms the specific energy consumption was found to be 0.79 ± 0.04 
MJ/kg of fired brick (table 4.1.5). 


Table 4.1.5 Specific energy consumption of VSBK-2 


Parameters 
Calonfic value of coal 
Calorific value of coal ash 
Coal used (kg/1000 bricks) 

Coal ash used (kg/1000 bricks) 

Average weight of fired buck (kg) 

Specific energy consumption (MJ/kg of fired bnck) 


5040 keal/kg 
990 keal/kg 
61 6 kg 
200 kg 
27 

0 79 i 0 04 MJ/kg 


VSBK-3 

The VSBK-3 is located at Nimbut about 60 km distance from Pune city. It is 
owned privately and has two shafts. This is a single shaft kiln and fires extruded 
bricks. The salient features of the kiln are shown in table 4.1.6 


Table 4.1.6 Salient features of VSBK-3 


Fea ture 

Number of shafts 
Shaft cross section 
Number of chimneys 
Internal chimney cross section 
Chimney height 
Unloading mechanism 


Detail 

1 

1.92mX 0 96m 
2 

230 mm x 310 mm 

About 10 85 m from ground level 

Single screw system 


Specific energy consumption 

The kiln was using about 67% clay and 25% fly ash for brick making. Internal 
fuel (coal dust) is added which is 3% by weight, translating into 65 kg per 1000 
bricks. The external fuel used is coal About 21 kg of coal is added in 3 layers in 
each batch (324 bricks) during loading. However, it may be noted that the kiln 
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was not stabilised during the time of monitoring as large amount of melting of 
bricks was observed which could be attributed to the unmeasured quantity of 
coal dust used as internal fuel in green dry bricks. A temperature of 1028- 
1047°C was observed in the firing zone during monitoring which is well above 
the temperature requirements of soil available at Nimbut. 

The gross calorific value of coal sample collected from the site as found to be 
4770 kcal/kg and the gross calorific value of coal powder was 4270 kcal/kg. The 
fly ash had a gross calorific value of 530 kcal/kg. In energy terms the specific 
energy consumption was found to be 1.26 MJ/kg of fired brick (table 4.1.6), 
The specific energy consumption is found to be higher mainly due to the higher 
fuel inputs which had come down upon kiln stabilisation. 

Table 4.1.6 Specific energy consumption of VSBK-3 


Parameters 

Gross calorific value of coal 4770 kcal/kg 

Gross calorific value of coal ash 4270 kcal/kg 

Gross calorific value of fly ash 530 kcal/kg 

Coal used (kg/1000 bricks) 58 kg 

Coal powder used (kg/1000 bricks) 65 kg 

Fly ash (kg/1000 bricks) 241 kf 

Average weight of fired bnck (kg) 2 3 


Specific energy consumption (MJ/kg of fired bnck) 1 26± 0.04 MJ/kg 


Energy balance 

Some important kiln parameters used for calculation of various energy balance 
components are presented in table 4.1.7- The energy balance for the VSBK-3 
based on the measurement taken during the monitoring is presented in table 
4 . 1 . 8 . 


Table 4.1.7 Important kiln parameters of VSBK-3 

Parameter 

Average temperature of flue gas (measured at port-hole in the chimney) 232 -250 °C 
Average temperature of unloaded bucks 80- 120 °C 

Estimated pure clay fraction in bnck clay 32 % 

Oxygen percentage in flue gas (measured at port-hole in the chimney) 12.9 -17.4 % 
Average ambient temperature ___ 25 °C 
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Table 4.1.8 Energy balance ofVSBK-3 

Energy balance components Percentage 

Sensible heat loss in flue gas 29.9 

Potential heat loss due to 'CO' in flue gas 0.5 

Heatforfree-moisture removal (Drying of bncks) 15 7 

Sensible heat loss in unloaded bncks 4 9 

Heat for chemical reactions 23 7 

Structure and surface heat loss (by difference) 25 3 

Total heat input - 1.26 MJ/kg of fired bnck_ 100 Q 


VSBK-4 

VSBK-4 is the Service Centre kiln located at Datia wherein the first monitoring 
was carried out. During this monitoring, two shafts had been converted to single 
chimney system, and the monitoring of smaller shaft (1 m X 1.5 m) was carried 
out, having single chimney arrangement. Some important kiln parameters are 
presented in table 4.1.9. 

Table 4.1.9 Important kiln parameters of VSBK-4 

Parameter^ 

Average temperature of flue gas (at chimney arms) 

Estimated pure clay fraction in bnck clay 
Average ambient temperature 


55-150 °C 
33% 

25 °C 


Specific energy consumption 

Energy performance of the single chimney shaft was monitored. Coal powder 
was added as internal fuel during clay preparation. About 70 kg of coal powder 
was added as internal fuel, equivalent to 2 % by weight. In addition crushed coal 
(particle size less than 15 mm) is added on every layer of green bricks during 
loading of bricks in the kiln. At the time of monitoring, about 21 kg of coal was 
being added per batch (240 bricks) of bricks. The gross calorific value of coal 
and coal powder samples collected from the site as found to be 5100 kcal/kg. In 
energy terms the specific energy consumption was found to be 1 07 MJ/kg of 
fired brick (table 4.1.10) The higher energy consumption as compared to 
VSBK-1 monitoring may be attributed to the fact different soil (Varanasi soil) 
was used during the period of monitoring which required higher soaking 
temperatures for obtaining better qualities of the fired brick. 
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VSBK-1 

The VSBK-l is located at around 5 km distance from Datia town on Jhansi - 
Gwalior road in Madhya Pradesh. It is being managed by the Development 
Alternatives, one of the partner organisations in India brick Project. The three- 
shaft lain was constructed in the year 1999-2000. The salient features of the 
VSBK are shown in table 4.1.1- 


Table 4.1.1 Salient features of VSBK-l in May 2001 


Feature 

Detail 

Number of shafts 

3 

Shaft cross section 

Shaft 1&2 -1.25 m x 1 75 m, shaft3 - lm x 1.5 m 

Shaft height 

Equivalent to 12 batches of bncks (5 3 m), each batch has four layers of bncks 

Number of chimneys 

Two masonry chimney per shaft 

Internal chimney cross section 

170 mmx 410mm 

Chimney height 

Approx 5 0 m above the shaft top 

Flue gas inlet levels to the chimney 

2 (12th and 10th batch) 

Unloading mechanism 

Single screw system 


Specific energy consumption 

Energy performance of one bigger shaft (1.25 m x 1.75 m) was monitored in 
VSBK-1. Internal fuel in the form of fine coal ash (boiler slag) is added to clay 
during clay preparation. The quantity of coal ash is 6% by weight, which 
translates into about 200 kg/ 1000 bricks. In addition crushed coal (particle size 
less than 15 mm) is sprinkled on every layer of green bricks during loading of 
bricks in the kiln. At the time of monitoring, about 21 kg of coal was being added 
per batch (361 bricks) of bricks. The gross calorific value of coal sample collected 
from the site as found to be 5460 kcal/kg and the gross calorific value of coal ash 
was taken as 990 kcal/kg. In energy terms the specific energy consumption was 
found to be 0.74 ± 0.04 MJ/kg of fired brick 7 . Details regarding fuel 
consumption and the specific energy are given in table 4.1.2. The specific 


1 0.74± 0.04 MJ/kg of fired brick takes into account the uncertainties involved with addition of 
internal fuel during clay preparation 
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energy’ consumption is considerably lower than the specific energy consumption 
of about 2.0 MJ/kg of fired brick of clamps around Datia 2 . 


Table 4.1.2 Specific energy consumption of VSBK-1 


Parameters 


Gross calonfic value of coal 

5460 keal/kg 

Gross calorific value of coal ash 

990 keal/kg 

Coal used (kg/1000 backs) 

58 kg 

Coal ash used (kg/1000 bncks) 

200 kg 

Average weight of fired brick (kg) 

28 

Specific energy consumption (MJ/kg of fired bnck) 

0 74 ± 0 04 MJ/kg 


Energy balance 

The various elements of energy’ balance are as follows. 

■ Energy input: It is determined by adding energy input from all sources i.e., 
external fuel and combustible material present m the green bricks. 

“ Sensible heat loss in flue gases: The hot gases going out of the chimney are at 
a higher temperature compared to the ambient temperature. The calculation 
of this component requires measurement of oxygen or carbon dioxide 
percentages and temperature of the flue gas; quantity’ and ultimate analysis 
of fuel; and determination of specific heat of flue gases. 

■ Sensible heat loss in fired brides: Unloaded brides are at a higher 
temperature than the ambient temperature, giving rise to the sensible heat 
loss in fired bricks. In a VSBK this heat loss can be substantial Temperature 
of brides at the time of unloading, weight of fired brick and the production 
rate are necessary’ for determination of this loss 

■ Energy required for drying of bricks: The green bricks loaded into the kiln 
contain residual moisture. The removal of moisture requires energy 7 . 
Calculation of this component requires determination of the average 
moisture content in green bricks. 

■ Energy required for irreversible chemical reactions: Chemical reactions 
associated with dissociation of clay molecules; removal of chemical water; 
and decomposition of calcium carbonate are endothermic in nature. The 
heat required for irreversible chemical reactions can be estimated by 


2 TERI 1999. Energy' Performance of VSBK pilot plants during 1998 Project report submitted to 
Swiss agency for Development and Cooperation New Delhi: Tata Energy Research Institute 
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determining the pure clay fraction in the brick clay. Loss on ignition in the 
clay sample is used for determining the pure clay fraction in the clay 5 . 

■ Surface heat losses: The surface heat loss from the VSBK has two 

components. One is the steady state heat loss from the kiln surface and the 
other is the heat loss from exposed hot bricks at the bottom of the shaft. 

Some important kiln parameters used for calculation of various energy balance 
components are presented in table 4.1.3. The energy balance for the VSBK-1 
based on the measurement taken during the monitoring is presented in table 
4.1.4- 


Table 4.1.3 Important kiln parameters of VSBK-1 

Parameter 

Average temperature of flue gas (measured at port-hole in the chimney) 80 °C 
Average temperature of unloaded bncks 123 °C 

Estimated pure clay fraction in bnck clay 32 % 

Average moisture content in green bncks 3 5 % 

Oxygen percentage in flue gas (measured at port-hole in the chimney) 16 4 -19.5 % 
Average ambient temperature_ 35 °C 


Table 4.1.4 Energy balance of VSBK-1 

Energy balance components _Percentage 

Sensible heat loss in flue gas 17.6 

Potential heat loss due to 'CO' in flue gas 3.5 

Heat for free-moisture removal (Drytng of bncks) 12.8 

Sensible heat loss in unloaded bncks 9.7 

Heat for chemical reactions 43.2 

Structure and surface heat loss (by difference) 13.2 

_Total heat input-0 74 MJ/kg of fired bnck_ 100 0 


VSBK-2 

The kiln is situated outside Gwalior town. The four-shaft VSBK is operational 
since 1998-99. The kiln has four shafts each of lm x 2m cross-section. The 
production capacity of the unit (four shafts combined together) is around 
15,000-18,000 bricks per day. 


3 Noble W and Green AT. 1950 The firing of common bricks London: His Majesty’s Stationery 
Office 
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Specific energy consumption 

Energy performance of one shaft of VSBK-2 was monitored. Internal fuel m the 
form of fine coal ash (boiler slag) is added to clay during clay preparation. The 
quantity' of coal ash is 6 % by weight, which translates into about 200 kg per 
1000 bricks. In addition crushed coal (particle size less than 15 mm) is sprinkled 
on every' layer of green bricks during loading of bricks m the kiln At the time of 
monitoring, about 18 kg of coal was being added per batch (292 bricks) of bricks. 
The gross calorific value of coal sample collected from the site as found to be 
5040 keal/kg and the gross calorific value of coal ash was taken as 990 keal/kg. 
In energy terms the specific energy consumption was found to be 0.79 ± 0.04 
MJ/kg of fired brick (table 4.1.5). 


Table 4.1.5 Specific energy consumption of VSBK-2 


Parameters 
Calonfic value of coal 
Calorific value of coal ash 
Coal used (kg/1000 bncks) 

Coal ash used (kg/1000 bncks) 

Average weight of fired bnck (kg) 

Specific energy consumption (MJ/kg of fired brick) 


5040 keal/kg 
990 keal/kg 
61.6 kg 
200 kg 
27 

0 79 ±0 04 MJ/kg 


VSBK-3 

The VSBK-3 is located at Nimbut about 60 km distance from Pune city’. It is 
owned privately and has two shafts. This is a single shaft kiln and fires extruded 
bricks. The salient features of the kiln are shown in table 4.1.6 


Table 4.1.6 Salient features of VSBK -3 


Featu re 

Number of shafts 
Shaft cross section 
Number of chimneys 
Internal chimney cross section 
Chimney height 
Unloading mechanism 


Detail 

1 

1.92mX 0 96m 
2 

230 mm x 310 mm 

About 10 85 m from ground level 

Single screw system_ 


Specific energy consumption 

The kiln was using about 67% clay and 25% fly ash for brick making Internal 
fuel (coal dust) is added which is 3% by weight, translating into 65 kg per 1000 
bricks. The external fuel used is coal. About 21 kg of coal is added m 3 layers in 
each batch (324 bricks) during loading. However, it may' be noted that the kiln 
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was not stabilised during the time ot monitoring as large amount of melting of 
bricks was observed which could be attributed to the unmeasured quantity of 
coal dust used as internal fuel in green dry bricks. A temperature of 1028- 
1047"C was observed in the firing zone during monitoring which is well above 
the temperature requirements ot soil available at Nimbut. 

The gross calorific value of coal sample collected from the site as found to be 
4770 kcal/kg and the gross calorific value of coal powder was 4270 kcal/kg. The 
fly ash had a gross calorific value of 530 kcal/kg. In energy terms the specific 
energy' consumption was found to be 1.26 MJ/kg of fired brick (table 4.1.6). 
The specific energy consumption is found to be higher mainly due to the higher 
fuel inputs which had come down upon kiln stabilisation. 

Table 4.1.6 Specific energy consumption of VSBK-3 
Parameters 

Gross calorific value of coal 
Gross calorific value of coal ash 
Gross calorific value of fly ash 
Coal used (kg/1000 bucks) 

Coal powder used (kg/1000 bucks) 

Fly ash (kg/1000 backs) 

Average weight of fired brick (kg) 

Specific energy consumption (MJ/kg of fired bnck) 

Energy balance 

Some important kiln parameters used for calculation of various energy balance 
components are presented in table 4.1.7- The energy balance for the VSBK-3 
based on the measurement taken during the monitoring is presented in table 
4 . 1 . 8 . 

Table 4.1.7 Important kiln parameters of VSBK-3 
Pjrameter ___ 

Average temperature of flue gas (measured at port-hole in the chimney) 

Average temperature of unloaded bncks 
Estimated pure clay fraction in bnck clay 
Oxygen percentage in flue gas (measured at port-hole m the chimney) 

Average ambient temperature_ 


232-250°C 
80 -120 °C 
32% 

12.9-17.4% 
25 °C 


4770 kcal/kg 
4270 kcal/kg 
530 kcal/kg 
58 kg 
65 kg 
241 kf 
2.3 

1 26± 0 04 MJ/kg 
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Table 4.1.8 Energy balance ofVSBK-3 

Energy balance components Percentage 

Sensible heat loss in flue gas 29 9 

Potential heat loss due to 'CO' in flue gas 0.5 

Heatforfree-moisture removal (Drying of bncks) 15 7 

Sensible heat loss in unloaded bncks 4 9 

Heat for chemical reactions 23.7 

Structure and surface heat loss (by difference) 25 3 

_Total heat input - 1 26 MJ/kg of fired bnck_ 100 0 


VSBK-4 

VSBK-4 is the Service Centre kiln located at Datia wherein the first monitoring 
was carried out. During this monitoring, two shafts had been converted to single 
chimney system, and the monitoring of smaller shaft (1 m X 1.5 m) was carried 
out, having single chimney arrangement. Some important kiln parameters are 
presented in table 4.1.9. 

Table 4.1.9 Important kiln parameters of VSBK-4 

Par amete r_ 

Average temperature of flue gas (at chimney arms) 

Estimated pure clay fraction in bnck clay 
Average ambient temperature 


55-150 °C 
33% 

25 °C 


Specific energy consumption 

Energy performance of the single chimney shaft was monitored. Coal powder 
was added as internal fuel during clay preparation. About 70 kg of coal powder 
was added as internal fuel, equivalent to 2 % by weight. In addition crushed coal 
(particle size less than 15 mm) is added on every layer of green bricks during 
loading of bricks m the kiln. At the time of monitoring, about 21 kg of coal was 
being added per batch (240 bricks) of brides The gross calorific value of coal 
and coal powder samples collected from the site as found to be 5100 keal/kg. In 
energy terms the specific energy consumption was found to be 1.07 MJ/kg of 
fired brick (table 4.1.10). The higher energy consumption as compared to 
VSBK-1 monitoring may be attributed to the fact different soil (Varanasi soil) 
was used during the period of monitoring which required higher soaking 
temperatures for obtaining better qualities of the fired brick. 
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Table 4.1,10 Specific energy consumption of VSBK-4 


Parameters 


Gross calorific value of coal 

5100 keal/kg 

Gross calorific value of coal ash 

5100 keal/kg 

Coal used (kg/1000 bricks) 

87 5 kg 

Coal powder used 1 kg/1000 bncks) 

70 kg 

Average weight of fired bnck (kg) 

3.1 

Specific energy consumption (MJ/kg of fired bnck) 

1 07± 0 04 MJ/kg 


A comparison of specific energy consumption of all four VSBK monitoring with 
other traditional kilns is presented in figure 4.1.1. The higher energy 
consumption level of VSBK-3 is due to its non-stable condition during the 
period of monitoring. Melting of brides was observed which clearly indicated 
higher fuel input. 



Figure 4.1.1 Comparison of specific energy consumption 
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Annex 4. 2 

Details of Stack emission Monitoring 



S.No 

Date 

Kiln 

Shaft/ 

Chimney 

Fine gas 

temp (° C) 

Velocity' 

(m/s) 

SPM 

(mg/m 3 ) 

S0 2 

(mg/m 3 ) 

no 2 

(mg/ m 3 ) 


■ 

0.3.05 01 

VSBK 1 

SlCl 

76 

2.1 

106 

19 

41 


li_ 

03.05 01 

VSBKl 

SlCl 

76 

2.1 

127 

19 

45 

I 

3 

03.05 01 

VSBK 1 

S1C2 

75 

2.2 

93 

15 

37 

1 

4 

03-05.01 

VSBKl 

S1C2 

75 

2.2 

140 

22 

38 

1 

5 

04.05.01 

VSBKl 

S2C1 

81 

2.0 

202 

25 

29 

[ 

6 

04.05.01 

VSBKl 

S2C1 

81 

2.0 

176 

14 

50 


7 

04.05.01 

VSBKl 

S2C2 

87 

2.1 

157 

17 

36 


8 

04.05.01 

VSBKl 


90 

2.0 

158 

13 

46 


9 

05 05 01 

VSBK 2 

SlCl 

168 

3.0 

307 

27 

64 


10 

05.05.01 

VSBK 2 

SlCl 

174 

3.0 

236 

30 

70 


11 

05.05 01 

VSBK 2 

S1C2 

169 

2.8 


21 

57 

12 

05.05.01 

VSBK 2 

S1C2 

178 

2.8 

232 

36 

87 

13 

06.05 01 

VSBK 2 

S2C1 

190 

3.0 

236 

44 

91 

14 

06.05 01 

VSBK 2 

S2C1 

188 

3.0 

249 

40 

88 

15 

06.05 01 

VSBK 2 

S2C2 

194 

3.0 

272 

42 

85 

16 

06.05.01 

VSBK 2 

S2C2 


2.9 

267 

42 

75 

17 

10.12.01 

VSBK 3 

SlCl 

120 

1.5 

74 

39 

55 

18 

10.12.01 

VSBK 3 

SlCl 

120 

1.5 

84 

45 

72 

19 


VSBK 3 

SlCl 

134 

■ 

84 

34 

63 

>0 

11.12.01 

VSBK 3 

S1C2 

118 

1.2 

81 

118 

65 

21 

11.12.01 

VSBK 3 

S1C2 

123 

1.2 

57 

65 

81 

22 

11,12.01 

VSBK 3 

S1C2 

130 

1.2 

81 

73 

69 

m 


VSBK 4 

SlCl 

78 

1.15 

224 

48 

72 

24 

17.01.02 

VSBK 4 

SlCl 

82 

1.15 

218 

44 

78 


17.01.02 

VSBK 4 

SlCl 

82 


234 

62 

70 

26 




80 

1.12 

170 

58 

74 


SlCl - Shaft 1 Chimney 1; SlC2 - Shaft 1 Chimney 2; 
S2C1 - Shaft 2 Chimney 1; S2C2 - Shaft 2 Chimney 2 
























































































































































Annex 4.3. Ambient air qua 


ity monitoring 


S no 

Kiln 

Location 

SPM (ug/m 1 ) 

RSPM Og/mO 

S0 2 (4g/m 3 ) 

NOa (|.ig/m 3 ) 

1 

VSBK 1 

1A 

218 

NA 

12 

24 

2 

VSBK 1 

1A 

260 

NA 

10 

20 

3 

VSBK 1 

1A 

346 

NA 

10 

18 

4 

VSBK 1 

IB 

192 

NA 

18 

32 

5 i VSBK1 

IB 

NA 

NA 

NA 

NA 

— 

6 

VSBK 1 

IB 

243 

NA 

20 

27 

7 

VSBK 1 

1C 

204 

NA 

11 

19 

8 

VSBK 1 

1C 

212 

NA 

14 

21 

9 

VSBK 1 

1C 

225 

NA 

15 

25 

10 

VSBK 2 

2A 

328 

NA 

21 

32 

11 

VSBK 2 

2A 

270 

NA 

NA 

NA 

12 

VSBK 2 

2A 

224 

NA 

18 

28 



2B 

254 

NA 

18 

27 


VSBK 2 

2B 

189 

NA 

NA 

25 

15 

VSBK 2 

2B 

215 

NA 

16 

25 

16 

VSBK 2 

2C 

264 

NA 

10 

29 

17 

VSBK 2 

2C 

NA 

NA 

NA 

NA 

18 

VSBK 2 

2C 

352 

NA 

14 

28 

19 

VSBK 3 

3A 

129 

NA 

6 

31 

20 

VSBK 3 

3A 

147 

NA 

10 

21 

21 

VSBK 3 

3A 

95 

NA 

11 

13 

22 

VSBK 3 

3B 

135 

NA 

6 

12 

- — --- 

23 

VSBK 3 

3B 

143 

NA 

7 

27 

24 

VSBK 3 

3B 

98 

NA 

9 

37 

25 

VSBK 3 

3C 

110 

85 

15 

60 

26 

VSBK 3 

3C 

140 

100 

6 

47 

27 

VSBK 3 

3C 

108 

70 

15 

39 

28 

VSBK 4 

4A 

124 

NA 

8 

27 

29 

VSBK 4 

4A 

99 

NA 

10 

40 

30 

VSBK 4 

4A 

129 

NA 

10 

38 

31 


4B 

116 

75 

12 

32 

32 

VSBK 4 

4B 

126 

54 

13 

35 

33 

VSBK 4 

4B 

116 

NA 

9 

31 

34 

VSBK 4 

4C 

80 

63 

10 

17 

-1- 

35 ^ VSBK 4 

4C 

70 

96 

11 

25 

36 

| VSBK 4 

4C 

107 

NA 

9 

13 


NA - Not Available 









































































































Annex 6.1 

General recommendations/guidelines for operation of 


VSBK 


Some general guidelines for better operation of VSBK which would help bringing 

down the emission levels and energy consumption are given below: 

Fuel 

Use of internal fuel 

Use of internal fuel during brick moulding will help reducing stack emissions, 

particularly suspended particulate matter (SPM). 

* Experiences in VSBK operation in India show that fuels such as coal 
powder, boiler ash and biomass fuels (ricehusk, sawdust) can be 
effectively used as internal fuel in VSBKs. 

» The amount of internal fuel addition in green 1 brick during moulding 2 
depends on the quality of soil and the desired quality of the fired 
product. It is generally observed that addition of internal fuel varies 
between 1 % to 10% (by weight). 

■ Fly ash can also be effectively used as internal fuel in VSBKs. 

Characteristics for external fuel 

■ Coal is the only fuel used in VSBK to provided heat externally 3 . 

■ Low volatile bituminous coal with low sulphur content is preferred. 
The properties of coal, recommended for use in VSBKs, are shown in 
table 6.1.1. 


Volatile matter 

Ash 

Fixed carbon 

15 - 25% 

25 - 45% 

35 - 45% 

Gross calorific value 

4000 - 5500 kcal/kg 


[or] 


17-23 MJ/kg 

Sulphur 

Less than 1% 


Green brick - Just moulded brick before drying 

Addition of internal fuel will require proper mixing of soil for uniform distribution across the 
brick 

In VSBK. coal is added and spread uniformly between gaps b ™ k * a ? eaCh 

layer of bricks Amount and size of fuel depend on quality of soli and the final product. 



■ Use of fuel having volatile matter more than 25 % is likely to result in 
higher fuel consumption as well as higher emissions (soot, unburnt 
carbon and CO). 

3. Firing of perforated and hollow bricks 

- Firing of perforated and hollow bricks will help in reducing the fuel 
consumption and emissions per unit of production It will also lead to 
reduced consumption of soil. Perforated bricks have been successfully 
fired in VSBKs. 

Kiln operation 

7. Use of shaft lid 

■ It is recommended to use shaft lid (figure 6.1.1) with proper sealing 4 
arrangement at shaft top. This will help in reducing the concentration 
of pollutants in the loading platform. 

Chimney 
Shaft top 

Frame 
Sand seal 

Lid 

Figure 6.1.1 Arrangement of shaft lid 
2. Chimney and damper system 

Incorporation of properly designed and fabricated chimney system with 
damper arrangement is recommended for use m VSBKs. 


After each loading, the shaft top is covered with the lid (usually made of mild steel) over the 
frame fixed on it. Sand sealing is quite effective which has been demonstrated and used m 
VSBK 




Certain design modifications have to be incorporated with single chimney system. 
This involves closing down of lower flue duct and existing damper arrangements and 
adding damper system at the arm of each chimney. The two chimneys emanating 
from shaft top are combined 6 to form a single chimney system. Suitable monitoring 
port arrangements may be added to perform stack monitoring. Figure 6.1.2 shows 
the modifications required in the existing VSBK system to the recommended 
measure 

Chimney height 

The chimney height from the ground level is 14 metre in order to keep the 
concentration of pollutants at ground level to the minimum. 

Proper ventilation arrangements 

(i) Loading and storage platform 

Provide proper ventilation arrangements so that the flue gases escaping through shaft 
are carried away from loading platform. During loading operation, about two workers 
will be loading dry bricks and adding coal at the shaft top for a period of 15 to 25 
minutes during which the carry over of flue gases through the chimney will ensure 
minimum pollution level at the loading platform. About 8 to 13 unloadings are 
carried out in VSBK in a day. Proper ventilation arrangement will ensure minimum 
concentration of pollution at this level. 

(ii) Cooling chamber 

Provide proper ventilation at cooling chambers 7 . The cooling chambers are extended 
arrangements at the unloading side of VSBK. At lease two persons are involved in the 
unloading operation which is carried out for a period of 15 minutes. Upon cooling of 
fired bricks in the trolley, bricks are removed for stacking. Proper ventilation at this 
level is important for this purpose. 


Sufficient margin in the height has to be provided for movement of workmen during loading 
operation 

Coolmg chambers are used in most of the VSBKs to allow for slow rate of cooling of 
unloaded fire bricks which otherwise will lead to cracks m the fired bricks due to faster 
coolmg rates. 



3 . 


Location of firing zone 

The location of firing zone is very important which should be close to the 
middle of the shaft length. If the fire moves down, it would affect the product 
quality. If the firing zone moves up, it would lead to increase in level of 
unburnts due to improper combustion resulting in higher emission levels. 


Design considerations 

1. Single chimney arrangement 

Keeping in view of the environmental monitoring, it is recommended to have one 
chimney per shaft with proper monitoring ports for stack emissions for VSBKs. 
Generally VSBKs have two chimneys located diagonally across the shaft (figure 
6.1.1) The VSBK located at VSBK-1 (&4) 5 has been provided with single chimney in 
two of its shafts. 



Single chimney arrangement 


Figure 6 1 2 Single chimney system for VSBK 


Environmental monitoring of the single chimney VSBK 
for the CPCB study 


was carried out during January 2002 


5 





4 . Paving of floor, regular cleaning/sprinkling of water at unloading side 

Paving of floors is recommended at the unloading side which will help in avoiding 
sand dust where there is a regular movement of workers who do the unloading 
operation. Regular cleaning and water sprinkling of floor at unloading side is 
recommended. The cooled unloaded bricks in the trolley are shifted in rails. Ash from 
burnt coal will be lying with each batch 8 of unloaded bricks. Removal of ash falling on 
the ground while taking out the brides will help in avoiding the dust level at the 
unloading side. 


Each batch of bricks in VSBK generally contains four layers of bricks with coal being spread 
between the brick gaps 



